Introduction
Subjective well-being (SWB) is a subjective view of evaluating one's life that includes emotional responses, domain satisfaction, and global judgments of life satisfaction. It is an essential component of quality of life in people (1) . Particularly in gerontology, SWB has been regarded as an important concept (2-4). George (2) suggested that SWB should be considered as a dimension of successful aging because a large number of older adults showed high levels of subjective well-being despite physical, cognitive, and/or social deficits. This implies that SWB is a related but distinct concept of objective health indicators. Therefore, in aging societies, improvement in older adults' SWB is important.
Studies on SWB in gerontology have clarified a variety of factors for more than half a century. In 1978, Larson (4) reviewed studies on correlates of SWB and suggested that economic conditions, health or physical disability, marital status, social activities and interactions, and environmental factors such as availability of transportation or housing quality as factors affecting SWB. Brown (5) also showed in her review that neighborhood poverty and elderly concentration could affect the SWB of older adults. Older adults may be more susceptible to their imminent environment than younger people because many older adults are retired and spend most of their time within their community, and their reduced physical and cognitive abilities may make it difficult to handle environmental demands (6) . Therefore, consideration of the relevant community environment for senior residents could be a promising strategy for improving their SWB.
However, the relationship between area-level characteristics, such as local area population aging, and the SWB of elderly residents remains unclear. Most studies conducted prior to the 1990s assessed neighborhood characteristics by examining individual perceptions, such as community satisfaction (7, 8) or fear of crime (9) ; such indicators are affected not only by neighborhood characteristics, but also by individual characteristics such as sex (9) . In addition, most studies on elderly concentration and SWB have been focused on senior housing or retirement communities that are designed to meet the needs of elderly people who preferred to live there. Studies carried out by Lawton and colleagues (9) (10) (11) showed that, in neighborhoods with a higher elderly concentration, older residents tended to have greater activity participation (9, 10) , interactions with friends (11) , and subjective well-being (9, 10) . These areas may have extensive elderly services (12) , offer broader social interaction with peers who share their values and experiences (13) , and ensure less discrimination against the elderly (14) . However, these could be different in general communities. Lastly, most of these findings were obtained from Western countries; there have been comparatively few studies conducted in Asian countries such as Japan, where cultures and norms are different from Western countries.
In Japan, over a quarter of the population is aged 65 years and older (15) . Local-area population aging in Japan has generally progressed by a combination of a decrease in fertility rate and prolonged life expectancy with enduring rural-to-urban outflow by younger generations to the present. Thus, until recently, the majority of communities with progressed population aging in Japan were located in rural areas. However, population aging has also become an urban phenomenon, where the majority of older adults live (15, 16) . Therefore, in Japan, it is important to examine the effect of localarea population aging in both urban and rural areas.
However, unfortunately, the effect of area-level population aging in Japan remains unclear since few studies have examined the effect of area-level characteristics on individuals' health (17) , except for studies on social capital (18, 19) or neighborhood socioeconomic deprivations (20) . Moreover, the majority of these studies used a cross-sectional design. The strength of using a longitudinal design is to examine causal inference because it partially controls for the effect of unmeasured confounding variables by including the baseline outcome score in the analytical model, which enhances internal validity (21, 22) .
In this study, our first objective was to examine the cross-validity of the associations between local-area population aging and the SWB of senior residents living in general communities in Japan. The second objective was to examine those associations using a longitudinal study design. For those examined objectives, we used data from two distinct survey projects with almost identical outcome and explanatory variables. The first dataset was obtained from a local metropolitan municipal unit, and we examined the association between small-area population aging and SWB (Study 1). The strength of using this dataset was that we could examine the association under no variations in health and welfare policy by local governments or geographic conditions, which may have confounded the findings. On the other hand, using data from a metropolitan municipal unit may limit the generalizability of the findings. Therefore, we examined the reproducibility of the findings obtained in the first study by using a second dataset that examined urban-to-rural diverse areas and the effect of area-level population aging from a longitudinal perspective (Study 2).
Methods

Participants
Study 1
Sumida Ward is located in downtown Tokyo, the capital of Japan, and possesses the characteristics of an inner city, including high proportions of blue-collar workers, unemployed individuals, welfare recipients, and lowquality housing; however, social disorganization (i.e., crime) in Sumida Ward is less common than it is in the equivalent large inner cities of London, New York, etc. (23) . Sumida Ward consists of 26 small districts corresponding to the administrative units where civic organizations are established and local events are organized. These units are similar to the area levels where the majority of older adults spend their daily lives (24) .
We selected 1,000 non-institutionalized people aged 75 years and older using a stratified random sampling method from the Resident Basic Book of Sumida Ward under the ward's permission. We conducted a faceto-face structured interview survey in July 2001, and obtained 618 responses from targeted older adults (response rate, 61.8%), 156 proximal responses from their family members or caregivers, and 226 nonresponses. During the interview process, we excluded people who could not respond to the interview because of moderate to severe cognitive or physical impairment. The major reasons for the proximal responses were surveys. Details of the survey are shown elsewhere (26) . Among the respondents in the cross-sectional study, we only included respondents who were aged 75 years or older (n = 1,729). Among them, we excluded those who were homebound, lived at their present address for less than three years, or did not provide sufficient information about these variables (n = 303). In addition, we excluded those who provided no information about the former municipal unit where they had lived or did not provide information relating to the outcome variable (n = 169). For the longitudinal study, we excluded 1,712 respondents for the same reasons. These inclusion and exclusion criteria were the same as used in Study 1. This resulted in 1,257 cases for cross-sectional analysis, and 859 cases for longitudinal analysis.
Measurement
Measurement of area-level variables
Based on previous studies (17, 22) , area-level population aging was assessed according to the number of people aged 65 years or older per 100 residents, although the respondents in this study were aged 75 years old or older. We obtained data from the 2000 and 2010 population censuses for Studies 1 and 2, respectively, in accordance with the survey period (25, 27) . We also assessed socioeconomic (SES) conditions and population density as confounding factors to the area-level number of people aged 65 years or older per 100 residents. Arealevel SES conditions were assessed because of its relationship with both psychological health (28) and number of older adults per 100 residents (25) . In this study, the following SES variables were assessed: average household income, which was obtained from a representative resident survey conducted in 2002 in Sumida Ward (29) (Study 1) or taxable income per taxpayer in 1998 (25) as a proxy for the average household income owing to the unavailability of more immediate data (Study 2); the proportion of people with educational degrees beyond high school (27) ; and the proportion of white-collar workers (27) . Due to the high correlations among these indicators (30, 31) , a principal component score was calculated and named the SES condition. We used a regression method on the SES condition variables, which were standardized with a mean score of 0 and a standard deviation of 1, to calculate the principal component score of the SES condition. The proportion of the first component variance obtained by principal component analysis was 84.95% in the Sumida Ward dataset with regression coefficients of 0.38, 0.33, and 0.37 for average household income, proportion of people with higher education, and proportion of white-collar workers, respectively. As for the Fukui Prefecture dataset, the first component variance was 75.57% and the regression coefficients were 0.36, 0.42, and 0.37, respectively. that the targeted older adult had a disease (n = 36), a functional impairment (n = 32), or was institutionalized (n = 30). The major reasons for non-response were refusal (n = 110), inability to make contact (n = 37), and death during the sample selection or survey period (n = 23). In this survey, we only used responses from the targeted older adults. Among the respondents, 12 individuals living in one district were excluded because neighborhood census data were unavailable. In addition, 33 respondents who were homebound because of poor physical functioning and/or who had lived at their present address for less than 3 years at the time of the study were excluded because care utilization or a relocation effect could confound the findings. One respondent who did not respond to the outcome variable was also excluded. Following these exclusions, data from 572 respondents living in 25 districts were analyzed.
Study 2
Fukui Prefecture is located in Northern Central Japan. Taxable income per taxpayer in Fukui is higher than the national average (25) , which implies that people in Fukui are relatively affluent, and the majority of older adults live with their children or other relatives. Fukui is the 27 th highest in population per 1 km 2 of inhabitable land area among the 47 prefectures in Japan (25) , meaning that Fukui is characterized as having average to rural characteristics among prefectures. Fukui had 35 municipal units for more than 30 years until 2004 and has since merged into 17 municipalities. The municipal government is the smallest unit of policymaking in Japan. Most current municipalities contain multiple former municipal units where distinct health policies, welfare policies, and cultural events have been conducted for over 30 years. Therefore, we regarded each of the 35 former municipal units as a unit of area-level. Owing to the limited number of analyzed respondents in this study and unavailability for the appropriate area-level data, we did not examine smaller units of area such as districts or neighborhoods.
In the original survey, non-institutionalized adults aged 65 years and older (n = 5,682) were randomly selected from the 17 local municipalities in Fukui Prefecture based on each municipality's Resident Basic Book. The baseline survey (T1) was conducted by mailing potential participants a self-administered questionnaire during May and June 2010. We obtained 3,534 responses (response rate, 62.2%). The reasons for non-response were unspecified, as the individuals simply did not mail back the survey. The follow-up survey (T2) was conducted between February and March 2012, with a sample of 3,387 respondents from T1, excluding those who died, were institutionalized, or withdrew from the study during the follow-up period (n = 147) (response rate, 75.9%); therefore, 2,571 adults responded to both
We assessed population density (population per km 2 of inhabitable land area) to adjust for the effect of ruralurban differences, since the area-level number of older adults per 100 residents in Japan tends to progress faster in rural areas than in urban areas (15) . All area-level variables were standardized before the analyses were conducted.
Measurement of individual-level variables
Outcome
SWB was assessed using a Japanese version of the Life Satisfaction Index-A (LSIA) (32) that measures the long-term cognitive evaluation of a person's life as well as transient affective feelings (33) . The LSIA has been widely used (33) (34) (35) in gerontology studies with non-clinical populations. Liang (34) conducted a confirmatory factor analysis on the 10-item version of the LSIA and concluded that the scale consists of three sub-dimensions: "mood tone," "zest," and "congruence." This three-factor structure was also confirmed in the Japanese version (35) . We used the 10-item version of LSIA in Study 2. On the other hand, only the threeitem version of LSIA was available for use in Study 1 as only these items were assessed with the survey. The three items used in Study 1 were selected from the three sub-dimensions of the 10-item version of the LSIA. The items were as follows: "these are the best years of my life" (mood tone), "I expect some interesting and pleasant things to happen to me in the future" (zest), and "as I look back on my life, I am fairly well satisfied" (congruence). We analyzed the correlation between scores of the 10-item and three-item LSIA scales using Study 2 data that yielded a correlation coefficient of 0.84. Each item in the LSIA had three options scored from 1 (disagree) to 3 (agree), with higher scores reflecting higher life satisfaction. Cronbach's alpha coefficient was 0.68 in Study 1, and 0.74 in Study 2, indicating acceptable internal consistency.
Individual-level covariates
We selected individual covariates according to previous studies that focused on the effect of neighborhood characteristics on the psychological health of the elderly (36, 37) and factors on SWB (4,38). As core covariates (39), we assessed age, sex, and years of education (dichotomized as ≥ 9 years or < 9 years). In addition, we assessed cohabitation (living alone or not), physical mobility (limited or not), and economic hardship (experienced or not). Physical mobility was assessed by measuring the respondents' abilities to travel independently outside their homes. The survey item originally had six responses ranging from independently using public transportation to being bedbound; however, we excluded respondents who were bedbound from this study. This resulted in respondents who could at least walk around their home independently. Responses were organized into two categories: having the ability to travel by public transportation independently or needing assistance/being unable to travel by public transportation. One item assessed economic hardship by measuring household financial strain that ranged from strongly agree to strongly disagree. The responses of strongly agree, somewhat agree, and neutral were categorized as indicating no economic hardship.
Analyses
We analyzed Studies 1 and 2 in the same manner. The effect of area-level number of older adults per 100 residents on LSIA scores was analyzed using linear mixed-effect modeling. All analyses were computed using restricted maximum likelihood estimation in SPSS version 22.0J for Windows (IBM Japan Ltd., Tokyo, Japan).
First, we examined the unconditional association between the area-level number of older adults per 100 residents and LSIA scores without controlling for the area-and individual-level covariates, except for LSIA scores at baseline (T1) in the longitudinal analysis in Study 2 (Model 1). Second, the area-level SES condition and population density were added to the first model to examine the conditional association between the area-level number of older adults per 100 residents and LSIA scores (Model 2). In the next two models, we sequentially added the individual-level core variables (Model 3) and other individual covariates in addition to the core covariates (Model 4) as the fixed effect variables. In all models, intercepts of fixed (individual) and random (area) effects were included. In this study, p values less than 0.05 (two-tailed) were interpreted as being statistically significant for all analyses.
Ethics Statement
This study was approved by the institutional review boards at the Tokyo Metropolitan Institute of Gerontology, University of Tokyo, and the National Center for Geriatrics and Gerontology. For the interview survey in Sumida Ward, verbal consent, as authorized by the ethics committee, was obtained from the participants prior to conducting the interview. For the self-administered surveys in Fukui Prefecture, we regarded responses as a sign of consent to participate in the survey.
Results
Study 1
The characteristics of the analyzed respondents (n = 572) and the area-level characteristics (n = 25) are shown in Table 1 . Respondents' mean age was 79.54 years and men comprised 37% of the sample. Approximately 40% of the respondents had 9 or more years of education. The majority of participants lived with others, were able to use public transportation independently, and had no economic hardship. As for the area-level characteristics, the number of people aged 65 years or older per 100 residents ranged between 13.42% and 22.31% with a median score of 16.33%. The average household income of each district ranged between JPY 4.20 and 8.20 million (approximately 38,889-75,926 USD, converted using the rate of USD 1 = JPY 125, as the average in July 2001, when the survey was conducted). The proportion of people with more than a high school education ranged from 16.52% to 42.30% with a median score of 31.98%. Population density per 1 km 2 ranged from 2,998.10 to 24,310.92 with a median score of 18,342.11. The associations between area-level number of older adults per 100 residents and LSIA scores are shown in Table 2 . The area-level number of older adults per 100 residents was not significant in the unconditional model Notes: We conducted all analyses by a linear mixed-model. Intercepts of fixed (individual) and random (district) effects were included in the models. Those who were categorized as unknown in education in years or economic hardship were also included in the analysis. Reference categories were as follows: male (sex), < 9 years (education), living alone (living arrangement), with hardship (economic hardship), and limited (physical mobility). (Model 1). However, in Model 2 when other area-level variables were controlled, the number of older adults per 100 residents had a significantly positive effect on LSIA scores (p = 0.019). Further in the next two models that adjust the effect of core and other individual covariates,the number of older adults per 100 residents had a significantly positive effect on LSIA scores (p = 0.021 in Model 3; p = 0.042 in Model 4, respectively).
Study 2
For the cross-sectional analysis (n = 1,257), respondents' mean age was 80.24 years and men comprised 42.72% of the sample. While the sample characteristics were similar to those of Study 1 in that the majority of respondents lived with others and had no economic hardship, it differed, in that more than 60% of respondents were unable to use public transportation independently. The baseline characteristics of respondents in the longitudinal analysis (n = 859) were similar in age, gender, education in years, and other variables to those in the crosssectional analysis, except for physical mobility, which was more independent for those in the longitudinal analysis.
Regarding area-level characteristics, the proportion of older people ranged from 21.02% to 40.64% with a median score of 27.32%. As for SES condition, the proportion of people with higher education ranged from 8.97% to 30.79% with a median score of 23.21%. Population density ranged from 22.50 to 1422.20 with a median score of 463.12 (Table 3) . Table 4 and Table 5 show the associations between the area-level proportion of older people and LSIA scores in the cross-sectional and longitudinal analyses. In the cross-sectional analysis (Table 4) , a marginally positive correlation was observed in Model 2 with an unstandardized coefficient of 0.50 (p < 0.074). The coefficient decreased to 0.47 in Model 3, controlling for the individual-level core variables of age, sex, and education (p < 0.100), and to 0.37 in Model 4, after adding physical mobility, economic hardship, and cohabitation to Model 3 (p < 0.130). On the other hand, in the longitudinal analysis (Table 5) , the area-level number of older adults per 100 residents was marginally and positively associated with LSIA scores at follow-up (p = 0.055), controlling for LSIA at baseline (Model 1). The area-level number of older adults per 100 residents still had a significant and positive association with LSIA scores in Models 2, 3, and 4 (p = 0.027, p = 0.042, and p = 0.049, respectively).
Discussion
This study showed that area-level population aging was positively associated with higher SWB of senior residents in both a metropolitan cross-sectional dataset and an urban-rural longitudinal dataset. These correlations were significant when the area-level SES (3.83) conditions and population density were invariable. Moreover, the effect of area-level population aging was still significant after controlling for individual characteristics.
These findings support those of previous studies on the effect of area-level population aging on selfrated overall health (12), self-rated oral health (14) , and depression (36) that targeted older adults living in general communities. One possibility for the findings in this study is that areas with more population aging tend to be more socially cohesive with lower residential mobility (40, 41) . Another possibility is that those areas could provide senior residents with more social interactions with peers of a similar age who share similar values and experiences (13) . Vogelsang and Raymo (17) also showed that older adults living in areas with more population aging were more likely to engage in paid work. On the other hand, it may not be relevant for the findings of this study that local areas with more progressed population aging could have more extensive elderly services (12) , because these areas in Japan are generally more rural than urban (15) , where services and infrastructure for senior residents are less likely to be available.
The "health and place" literature indicates that frequent geographical mobility by the respondents can confound research results. One of the strengths of this study is that our datasets did not suffer from this methodological issue (17) . The residential mobility rate of older adults in Japan is much lower than that of both the younger population in Japan (42) and older adults from the US or UK (43, 44) . In this study, the majority Notes: We conducted all analyses by a linear mixed-model. Intercepts of fixed (individual) and random (districts) effects were included in the models. The outcome variable was Life Satisfaction Index-A scores in the follow-up survey. Those who were categorized as unknown in sex, education in years, living arrangement, or economic hardship were also included in the analysis. Reference categories were as follows: male (sex), < 9 years (education), living alone (living arrangement), with hardship (economic hardship), and limited (physical mobility). of our respondents lived for a very long period in their communities (detailed results are available upon request). Furthermore, we found that analyses from the two distinct surveys showed a similar positive effect of local-area population aging on the SWB of senior residents. This suggests that our findings indicate crossvalidity in the effect of area-level population aging on the SWB of older adults. This study also showed a significant effect of area-level population aging using a longitudinal study design, whereas the majority of previous studies only used a cross-sectional design to examine the relationship (12, 14, 36) . Our study demonstrated that local-area population aging was positively related to SWB changes over time.
B (SE)
At the same time, we should discuss three limitations to our study. First, the dataset from a metropolitan area and those from urban-rural areas are neither identical in the survey method, period, range of the area-level population aging, nor in the level of areas. Therefore, we should compare the findings with much caution. Second, the generalizability of the datasets remains limited even though we showed similar findings by analyzing the data obtained from two distinct survey projects, because they were from a ward and a prefecture in Japan. Lastly, we should have discussed areas analyzed from a proximal level. In this study, we regarded a district as the arealevel in Study 1 because a district was similar to the area where the elderly residents spent their daily lives (24) , and it also corresponded to the administrative units in the study area where civic organizations were established or local events were organized. On the other hand, Study 2 used former municipal units. Although Study 2 showed a significant and positive effect of area-level population aging in its longitudinal analysis, a weaker association was observed in the cross-sectional analysis. Our tentative interpretation for this is that district-level population aging could be more appropriate than the former municipal level when examining the effect on the SWB of senior residents. Municipal units could be broader than the area of senior residents' daily living space and include several communities with different levels of population aging. In addition, different policies or systems by their governments may have confounded the findings. Therefore, future studies should use a more complex analytical design, such as a three-level mixed model that includes individual-, neighborhood-, and municipality-level variables to examine the proximal level of local-area population aging.
Despite its limitations, this study contributes meaningful findings to the present literature. The results showed the importance of population aging in local areas on SWB among older adults in inner city, rural, and urban areas in a non-Western culture. Future studies should explore the pathways (i.e., area-level social cohesion or psychosocial resources of older individuals) that intervene in the relationship between area-level characteristics and the well-being and health of older adults. In addition, we recommend establishing a proximal level of population aging in hopes of improving older adults' SWB. Furthermore, proactively determining certain people that might be prone to environmental characteristics would be the next issue. The findings of our study create important implications for the recent efforts on residential migration by the Japanese government. To decrease urban-rural differences and revitalize underpopulated regions, the Japanese government has recently organized a national assembly to discuss how to promote migration of citizens from metropolitan regions to more rural areas (45) . However, findings from our study showed that in areas with lower population aging, where younger generations are dominant, older adults are more likely to have lower SWB. This implies that a rapid inflow of the younger generation could result in negative consequences for the SWB of senior residents. In urban renovation and the development of communities, policymakers and professionals working with older adults should consider the subjective well-being and health of their senior residents. Additionally, communities where older adults are a small minority should promote services for them to remain active and maintain their purpose in life to improve their SWB.
